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(57) ABSTRACT 

A transfer sheet and a pattern-forming method suitable for 
forming high-precision patterns for layers such as electrode 
layers, dielectric layers and barrier layers in the process of 
producing plasma display panels, image display devices, 
thermal heads, integrated circuits, etc., and capable of form 
ing patterns having superior surface smoothness, a uniform 
thickness and high pro?le precision in a reduced period of 
time and in high yields. The transfer sheet has an ink layer 
over a base ?lm. The ink layer consists essentially of an 
inorganic component containing at least a glass frit, and a 
thermoplastic resin. The ink layer contains from 3 parts to 50 
parts by Weight of the thermoplastic resin With respect to 100 
parts by Weight of the inorganic component. According to 
the pattern-forming method, a pattern is transferred onto a 
substrate by using the transfer sheet, and then ?ring is 
carried out, thereby forming a high-precision pattern, eg an 
electrode layer, a dielectric layer, a barrier layer, etc. 

10 Claims, 14 Drawing Sheets 
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TRANSFER SHEET, AND 
PATTERN-FORMING METHOD 

BACKGROUND OF THE INVENTION 

The present invention relates to a transfer sheet suitable 
for forming high-precision patterns for layers such as elec 
trode layers, dielectric layers and barrier layers in plasma 
display panels (hereinafter referred to as “PDPs”), ?eld 
emission displays (FEDs), liquid crystal display devices 
(LCDs), vacuum ?uorescent displays, hybrid integrated 
circuits, etc. The present invention also relates to a pattern 
forming method using the transfer sheet. 
As Well knoWn so far in the art, patterns of the type 

described above are formed by coating an ink for conductors 
or insulators in the form of a desired pattern on a substrate, 
eg a glass or ceramic substrate, by screen printing, and then 
carrying out ?ring, thereby forming a thick pattern in close 
contact With the substrate. According to this method, for 
instance, ?ne lines having a line Width of 100 micrometers 
and a height of 100 micrometers are formed by repeating 
superposition printing a plurality of times. 

HoWever, the method of forming a pattern by repeating 
screen printing a multiplicity of times has several problems. 

First, expansion and contraction of the screen used for 
printing are unavoidable, and various patterns are superim 
posed one upon another in most of the actual printing 
processes for forming patterns. Therefore, misalignment 
betWeen patterns is likely to occur. 

Second, because a screen is used as a printing plate, 
pattern distortion is likely to occur, and it is dif?cult to form 
micro patterns. 

Third, Wiping is necessary for each printing because of the 
migration of the pattern-forming material to the back of the 
screen plate; therefore, automation is dif?cult. 

Fourth, a pattern siZe achievable by screen printing is at 
most about 100 micrometers for Width, and pattern shape is 
about 0.5 as expressed by a half Width-to-bottom Width ratio 
(the half Width is the Width of a pattern-forming layer at a 
position half the height thereof). For a barrier layer in a PDP 
Which should be coated to an as-dried thickness of from 
about 150 micrometers to about 200 micrometers, for 
instance, it is necessary to increase its bottom area, and 
hence it is impossible to form any ?ne pattern. 

Fifth, for a multilayer pattern, layers are stacked one upon 
another While alignment is carried out per layer because it 
cannot be formed in one operation. In this regard, there is a 
problem that it is dif?cult to improve alignment accuracy. 

Sixth, it is impossible to form a thick pattern having a high 
aspect ratio because the ink tails due to its ?uidity. 
Furthermore, it is difficult to effect condition controls for 
preventing contamination With foreign matters or the like 
because operations must be carried out in an open system, 
and a great deal of time is needed for pattern fabrication in 
the present state of art. 

There is also knoWn a so-called sand blasting technique 
Wherein a pattern-forming layer is solid coated on a sub 
strate by repeating screen printing a multiplicity of times, 
then forming a sand blasting mask on the pattern-forming 
layer by using a photosensitive resist, and ?nally jetting an 
abrasive to perform patterning of the pattern-forming layer 
(“Electronic Materials”, 1983, No. 1, p. 138). The use of this 
subtractive processing method enables a barrier layer to be 
formed into a desired shape in Which the Wall surface steeply 
rises vertically, and the barrier layer is narroW in Width and 
high in height. Adoption of the photolithography technique 

10 

15 

25 

35 

45 

55 

65 

2 
for patterning of the resist enables the pattern accuracy to 
increase and also permits the panel siZe to increase. 

Recently, a barrier layer forming method that uses a 
transfer sheet having a glass paste provided on a base ?lm 
has been proposed [Japanese Patent Application Unexam 
ined Publication (KOKAI) No. 8-273536]. This method uses 
a transfer sheet provided With a glass paste layer and is 
advantageous in that the process of producing barriers for a 
PDP panel can be simpli?ed. HoWever, it has been found 
that in the proposed method a volatile substance in a 
barrier-forming layer is removed after a resist pattern has 
been formed on the top surface of the transferred barrier 
forming layer as the second step in the process; therefore, 
the resist pattern is likely to separate oWing to bleeding of 
the volatile substance, and this may cause a problem in the 
shape of the thick pattern formed. 
A ?rst object of the present invention is to provide a 

transfer sheet suitable for forming micro patterns for 
electrodes, resisters, barriers, etc. in image display devices 
such as PDPs and liquid crystal displays, thermal heads, 
integrated circuits, and so forth. 
A second object of the present invention is to provide a 

pattern-forming method of forming a pattern having superior 
surface smoothness, a uniform thickness and high pro?le 
precision in a reduced period of time and in high yields. 
A third object of the present invention is to improve the 

conventional thick pattern-forming method using the sand 
blasting technique and to provide a thick pattern-forming 
method capable of forming a thick pattern in a desired shape 
With high accuracy. 
A fourth object of the present invention is to provide a 

thick pattern-forming method capable of forming a thick 
pattern Without separation or cracking of a thick pattern 
forming layer When the transfer sheet is bent or taken up. 
A ?fth object of the present invention is to provide a 

pattern-forming method suitable for transfer-forming a PDP 
constituent layer, particularly an electrode-forming layer, in 
a predetermined pattern shape on a PDP glass substrate. 
A sixth object of the present invention is to provide a 

pattern-forming method Which enables a PDP constituent 
layer, particularly an electrode-forming layer, to be formed 
in a pattern shape on a PDP glass substrate at loW costs and 
in high yields in a reduced period of time, and Which also 
makes it possible to form a laminated structure having 
superior surface smoothness, a uniform thickness and high 
pro?le precision. 
A seventh object of the present invention is to provide a 

pattern-forming method capable of forming a dielectric layer 
over a substrate, including a raised electrode pattern, Without 
a transfer failure in the fabrication of a PDP or a multilayer 
electrode panel, and thus providing high yields. 

SUMMARY OF THE INVENTION 

A ?rst transfer sheet according to the present invention is 
a transfer sheet having an ink layer provided over a base 
?lm. The ink layer consists essentially of an inorganic 
component containing at least a glass frit, and a thermoplas 
tic resin. The transfer sheet is characteriZed in that the ink 
layer contains from 3 parts to 50 parts by Weight of the 
thermoplastic resin With respect to 100 parts by Weight of the 
inorganic component. 
The ?rst transfer sheet is further characteriZed in that a 

protective ?lm is releasably stacked over the ink layer. 
The ?rst transfer sheet is further characteriZed in that the 

base ?lm and the ink layer are stacked With a release layer 
interposed therebetWeen. 
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The ?rst transfer sheet is further characterized in that the 
ink layer and the protective ?lrn are stacked With an adhesive 
layer interposed therebetWeen, and the protective ?lrn is 
releasable. 

The ?rst transfer sheet is further characteriZed in that a 
heat-resistant layer is provided on a side of the base ?lm that 
is reverse to the side Where the ink layer is provided. 

The ?rst transfer sheet according to the present invention 
is further characteriZed by being a transfer sheet for forming 
one of a primer layer and a dielectric layer of a plasma 
display panel. 

The ?rst transfer sheet according to the present invention 
is suitable for producing a primer layer, a dielectric layer, 
etc. of a PDP and capable of being bent and taken up Without 
separation or cracking of the ink layer. Moreover, the ?rst 
transfer sheet enables the production time to be shortened 
and permits the yield to be improved. Because pattern 
formation is effected by transfer, patterns formed by the ?rst 
transfer sheet have superior surface srnoothness, a uniform 
thickness and high pro?le precision. 
Asecond transfer sheet according to the present invention 

is a transfer sheet having an ink layer provided over a base 
?lrn. The ink layer consists essentially of inorganic particles 
containing at least a glass frit, and a resin that is removed 
afterWard by ?ring. The second transfer sheet is character 
iZed in that the ink layer contains from 2 parts to 70 parts by 
Weight of the resin With respect to 100 parts by Weight of the 
inorganic particles, and that the inorganic particles contain 
inorganic particles having a particle diameter greater than 
the as-dried thickness of the ink layer in the proportion of 
not more than 30% by Weight of all the inorganic particles. 

The second transfer sheet according to the present inven 
tion is further characteriZed by being a transfer sheet for 
fabricating a plasma display panel. 

The second transfer sheet according to the present inven 
tion is suitable for producing a primer layer, a dielectric 
layer, an electrode layer, etc. of a PDP. The ink layer of the 
second transfer sheet has a smooth surface and enables 
transfer Without trapping air bubbles or the like. Therefore, 
the transfer sheet involves no transfer failure or other similar 
problem and provides superior transferability. In addition, 
the production time can be shortened, and the yield can be 
improved. Because the surface of a PDP constituent layer 
formed by transfer corresponds to the surface of the base 
?lrn, the resulting layer has superior surface srnoothness, a 
uniform thickness and high pro?le precision. 

Athird transfer sheet according to the present invention is 
characteriZed in that an ink layer is provided over a base ?lrn 
With a pattern-Wise release layer interposed therebetWeen, 
and that the ink layer consists essentially of an inorganic 
cornponent containing at least a glass frit, and a resinous 
component that is removed afterWard by ?ring. 

According to another aspect of the present invention, the 
third transfer sheet is characteriZed in that an ink layer 
consisting essentially of an inorganic cornponent containing 
at least a glass frit and a resinous component that is removed 
afterWard by ?ring is provided over a base ?lrn, and a 
pattern-Wise adhesive layer is provided on the ink layer. 

According to another aspect of the present invention, the 
third transfer sheet is characteriZed in that an ink layer 
consisting essentially of an inorganic cornponent containing 
at least a glass frit and a resinous component that is removed 
afterWard by ?ring is provided over a base ?lrn With a 
pattern-Wise release layer interposed therebetWeen, and an 
adhesive layer is provided on the ink layer in the same 
pattern as that of the release layer. 
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4 
The pattern in the third transfer sheet may be a primer 

forrning layer pattern, a dielectric layer-forrning layer 
pattern, an electrode-forrning layer pattern, or a barrier 
forrning layer pattern in a plasma display panel. 
The third transfer sheet according to the present invention 

is suitable for transfer-forrning a prirner-forrning layer, a 
dielectric layer-forrning layer, an electrode-forrning layer, or 
a barrier-forrning layer in a pattern shape on a PDP glass 
substrate, for example. The third transfer sheet makes it 
possible to shorten the production time and to improve the 
yield. Moreover, because the surface of a PDP constituent 
layer formed by transfer corresponds to the surface of the 
base ?lrn, the resulting layer has superior surface 
srnoothness, a uniform thickness and high pro?le precision. 
A fourth transfer sheet according to the present invention 

is characteriZed by having a base ?lrn, a dielectric layer 
forrning layer stacked over the base ?lrn, and a pattern-Wise 
electrode-forrning layer stacked over the dielectric layer 
forrning layer. The dielectric layer-forrning layer and the 
pattern-Wise electrode-forrning layer each consist essentially 
of an inorganic cornponent containing at least a glass frit, 
and a resinous component that is removed afterWard by 
?ring. 
A ?fth transfer sheet according to the present invention is 

characteriZed by having a base ?lrn, a pattern-Wise 
electrode-forrning layer stacked over the base ?lrn, and a 
prirner-forrning layer stacked over the pattern-Wise 
electrode-forrning layer. The pattern-Wise electrode-forrning 
layer and the prirner-forrning layer each consist essentially 
of an inorganic cornponent containing at least a glass frit, 
and a resinous component that is removed afterWard by 
?ring. 
A siXth transfer sheet according to the present invention is 

characteriZed by having a base ?lrn, a barrier-forrning layer 
stacked over the base ?lrn, and a dielectric layer-forrning 
layer stacked over the barrier-forrning layer. The barrier 
forrning layer and the dielectric layer-forrning layer each 
consist essentially of an inorganic cornponent containing at 
least a glass frit, and a resinous component that is removed 
afterWard by ?ring. 
A seventh transfer sheet according to the present inven 

tion is characteriZed by having a base ?lrn, a dielectric 
layer-forrning layer stacked over the base ?lrn, a pattern 
Wise electrode-forrning layer stacked over the dielectric 
layer-forrning layer, and a prirner-forrning layer stacked over 
the pattern-Wise electrode-forrning layer. The dielectric 
layer-forrning layer, the pattern-Wise electrode-forrning 
layer and the prirner-forrning layer each consist essentially 
of an inorganic cornponent containing at least a glass frit, 
and a resinous component that is removed afterWard by 
?ring. 
An eighth transfer sheet according to the present inven 

tion is characteriZed by having a base ?lrn, a barrier-forrning 
layer stacked over the base ?lrn, a dielectric layer-forrning 
layer stacked over the barrier-forrning layer, and a pattern 
Wise electrode-forrning layer stacked over the dielectric 
layer-forrning layer. The barrier-forrning layer, the dielectric 
layer-forrning layer and the pattern-Wise electrode-forrning 
layer each consist essentially of an inorganic cornponent 
containing at least a glass frit, and a resinous component that 
is removed afterWard by ?ring. 
A ninth transfer sheet according to the present invention 

is characteriZed by having a base ?lrn, a barrier-forrning 
layer stacked over the base ?lrn, a dielectric layer-forrning 
layer stacked over the barrier-forrning layer, a pattern-Wise 
electrode-forrning layer stacked over the dielectric layer 
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forming layer, and a primer-forming layer stacked over the 
pattern-Wise electrode-forming layer. The barrier-forming 
layer, the dielectric layer-forming layer and the pattern-Wise 
electrode-forming layer and the primer-forming layer each 
consist essentially of an inorganic component containing at 
least a glass frit, and a resinous component that is removed 
afterward by ?ring. 
A tenth transfer sheet according to the present invention 

is characteriZed by having a base ?lm, an anti-sand blasting 
photosensitive layer stacked over the base ?lm, a barrier 
forming layer stacked over the anti-sand blasting photosen 
sitive layer, a dielectric layer-forming layer stacked over the 
barrier-forming layer, and a pattern-Wise electrode-forming 
layer stacked over the dielectric layer-forming layer. The 
barrier-forming layer, the dielectric layer-forming layer and 
the pattern-Wise electrode-forming layer each consist essen 
tially of an inorganic component containing at least a glass 
frit, and a resinous component that is removed afterWard by 
?ring. 
An eleventh transfer sheet according to the present inven 

tion is characteriZed by having a base ?lm, a mask layer for 
sand blasting stacked over the base ?lm, a barrier-forming 
layer stacked over the mask layer, a dielectric layer-forming 
layer stacked over the barrier-forming layer, and a pattern 
Wise electrode-forming layer stacked over the dielectric 
layer-forming layer. The barrier-forming layer, the dielectric 
layer-forming layer and the pattern-Wise electrode-forming 
layer each consist essentially of an inorganic component 
containing at least a glass frit, and a resinous component that 
is removed afterWard by ?ring. 

AtWelfth transfer sheet according to the present invention 
is characteriZed by having a base ?lm, an anti-sand blasting 
photosensitive layer stacked over the base ?lm, a barrier 
forming layer stacked over the anti-sand blasting photosen 
sitive layer, a dielectric layer-forming layer stacked over the 
barrier-forming layer, a pattern-Wise electrode-forming 
layer stacked over the dielectric layer-forming layer, and a 
primer-forming layer stacked over the pattern-Wise 
electrode-forming layer. The barrier-forming layer, the 
dielectric layer-forming layer, the pattern-Wise electrode 
forming layer and the primer-forming layer each consist 
essentially of an inorganic component containing at least a 
glass frit, and a resinous component that is removed after 
Ward by ?ring. 

Athirteenth transfer sheet according to the present inven 
tion is characteriZed by having a base ?lm, a mask layer for 
sand blasting stacked over the base ?lm, a barrier-forming 
layer stacked over the mask layer, a dielectric layer-forming 
layer stacked over the barrier-forming layer, a pattern-Wise 
electrode-forming layer stacked over the dielectric layer 
forming layer, and a primer-forming layer stacked over the 
pattern-Wise electrode-forming layer. The barrier-forming 
layer, the dielectric layer-forming layer, the pattern-Wise 
electrode-forming layer and the primer-forming layer each 
consist essentially of an inorganic component containing at 
least a glass frit, and a resinous component that is removed 
afterWard by ?ring. 

The fourth to thirteenth transfer sheets according to the 
present invention are suitable for use in a system Which 
forms a primer layer, a pattern-Wise electrode layer, a 
dielectric layer and a barrier layer of a PDP by using transfer 
sheets prepared separately, and enable these layers to be 
formed at loW costs in a reduced period of time. Moreover, 
the yield can be improved. Because the layers are formed by 
transfer, it is possible to obtain a PDP member having layers 
formed thereon, each having superior surface smoothness, a 
uniform thickness and high pro?le precision. 
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A ?rst pattern-forming method according to the present 

invention includes: 

(a) the ?rst step of preparing a transfer sheet having a 
thick pattern-forming layer provided over a base ?lm, 
the thick pattern-forming layer consisting essentially of 
an inorganic component containing at least a glass frit, 
a thermoplastic resin, and a high-boiling solvent having 
a boiling point of from 150° C. to 400° C.; transferring 
the thick pattern-forming layer onto a substrate; and 
removing the base ?lm from the thick pattern-forming 
layer transferred onto the substrate; 

(b) the second step of removing the high-boiling solvent 
from the transferred thick pattern-forming layer by 
volatiliZation; 

(c) the third step of forming a resist pattern on the thick 
pattern-forming layer having the high-boiling solvent 
removed therefrom by volatiliZation; 

(d) the fourth step of removing the thick pattern-forming 
layer from an opening in the resist pattern by sand 
blasting; 

(e) the ?fth step of removing the resist pattern from the 
thick pattern-forming layer; and 

(f) the siXth step of sintering the thick pattern-forming 
layer by ?ring. 

The ?rst pattern-forming method is further characteriZed 
in that the thick pattern-forming layer provided over the base 
?lm contains from 3 parts to 30 parts by Weight of the 
thermoplastic resin and from 2 parts to 30 parts by Weight of 
the high-boiling solvent With respect to 100 parts by Weight 
of the inorganic component. 
The ?rst pattern-forming method is further characteriZed 

in that the thick pattern is one of a barrier-forming layer and 
an electrode-forming layer in a plasma display panel. 
The transfer sheet used in the ?rst pattern-forming method 

according to the present invention is eXcellent in the reten 
tion of the thick pattern-forming layer and eXhibits superior 
handleability and shelf stability in the state of being taken 
up. Moreover, the transfer sheet is eXcellent in transferability 
to a glass substrate. In addition, When the transfer sheet is slit 
to an appropriate shape, the inorganic component Will not 
become dust. Thus, it is possible to form a thick pattern 
having superior surface smoothness, a uniform thickness 
and high pro?le precision. Further, because no volatile 
substance remains in the barrier-forming layer during resist 
Working process, it is possible to avoid adverse effect of a 
volatile substance on the resist pattern, and separation of the 
resist pattern Will not occur. Accordingly, a thick pattern can 
be formed in high yields. 
Asecond pattern-forming method according to the present 

invention is characteriZed by preparing a transfer sheet 
having an ink layer provided over a base ?lm, the ink layer 
containing at least an inorganic component and a hot-melt 
organic substance; laminating the transfer sheet at the ink 
layer side thereof onto a plasma display panel member; and 
heating the transfer sheet With a thermal head or applying 
laser light to the transfer sheet from the back thereof in the 
same pattern as that of a plasma display panel constituent 
layer, thereby transferring the ink layer in the heated region 
onto the plasma display panel member. 
The second pattern-forming method is further character 

iZed in that the pattern of the plasma display panel constitu 
ent layer is an electrode pattern. 
The second pattern-forming method according to the 

present invention is suitable for forming a thick pattern on 
a substrate, particularly suitable for forming an electrode 
forming layer requiring high-de?nition patterning. Because 
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a thick pattern is formed by using a transfer sheet, the 
production time can be shortened, and the yield can be 
improved. Moreover, it is possible to form a thick pattern 
having superior surface smoothness, a uniform thickness 
and high pro?le precision. 
A third pattern-forming method according to the present 

invention is a method of forming an ink layer on a raised 
pattern, Which is characteriZed by preparing a transfer sheet 
having an ink layer provided over a base ?lm, the ink layer 
consisting essentially of inorganic particles containing at 
least a glass frit and a resin that is removed afterWard by 
?ring, and laminating the transfer sheet at the ink layer side 
thereof onto a substrate having a stripe-shaped raised pattern 
in a direction parallel to the lengthWise direction of the 
stripes of the raised pattern, thereby transferring the ink 
layer onto the substrate. 

The third pattern-forming method is further characteriZed 
in that the raised pattern is an electrode pattern in a plasma 
display panel, and that the ink layer is an ink layer for 
forming a dielectric layer, and the ink layer is transferred 
onto a substrate having the electrode pattern. 

The third pattern-forming method is further characteriZed 
in that the substrate is a glass substrate having an electrode 
pattern on a primer layer provided thereon, and that the ink 
layer is transferred onto the primer layer having the elec 
trode pattern. 

The third pattern-forming method according to the present 
invention enables a dielectric layer to be formed over the 
substrate, including the raised electrode pattern, Without a 
transfer failure, and makes it possible to improve the yield 
and to shorten the production time. Moreover, because the 
surface of the dielectric layer formed by transfer corre 
sponds to the surface of the base ?lm, the dielectric layer has 
superior surface smoothness, a uniform thickness and high 
pro?le precision. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional vieW illustrating a ?rst transfer sheet 
according to the present invention. 

FIG. 2 is a sectional vieW illustrating another embodiment 
of the ?rst transfer sheet according to the present invention. 

FIG. 3 is a sectional vieW illustrating another embodiment 
of the ?rst transfer sheet according to the present invention. 

FIG. 4 is a sectional vieW illustrating another embodiment 
of the ?rst transfer sheet according to the present invention. 

FIG. 5 is a sectional vieW illustrating another embodiment 
of the ?rst transfer sheet according to the present invention. 

FIG. 6 is a sectional vieW illustrating a second transfer 
sheet according to the present invention. 

FIG. 7 is a sectional vieW illustrating a third transfer sheet 
according to the present invention. 

FIG. 8 is a sectional vieW illustrating another embodiment 
of the third transfer sheet according to the present invention. 

FIG. 9 is a sectional vieW illustrating another embodiment 
of the third transfer sheet according to the present invention. 

FIG. 10 is a diagram illustrating a method of forming a 
pattern-Wise release layer using intaglio printing. 

FIG. 11 is a diagram illustrating a method of forming a 
pattern-Wise adhesive layer using intaglio printing. 

FIG. 12 is a sectional vieW illustrating a fourth transfer 
sheet according to the present invention. 

FIG. 13 is a sectional vieW illustrating a ?fth transfer 
sheet according to the present invention. 

FIG. 14 is a sectional vieW illustrating a siXth transfer 
sheet according to the present invention. 
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FIG. 15 is a sectional vieW illustrating a seventh transfer 

sheet according to the present invention. 
FIG. 16 is a sectional vieW illustrating an eighth transfer 

sheet according to the present invention. 
FIG. 17 is a sectional vieW illustrating a ninth transfer 

sheet according to the present invention. 
FIG. 18 is a sectional vieW illustrating a tenth transfer 

sheet according to the present invention. 
FIG. 19 is a sectional vieW illustrating an eleventh transfer 

sheet according to the present invention. 
FIG. 20 is a sectional vieW illustrating a tWelfth transfer 

sheet according to the present invention. 
FIG. 21 is a sectional vieW illustrating a thirteenth transfer 

sheet according to the present invention. 
FIG. 22 is a diagram illustrating a method of forming a 

pattern-Wise electrode-forming layer using intaglio printing. 
FIG. 23 is a diagram illustrating a method of forming a 

pattern-Wise electrode-forming layer using a roll intaglio. 
FIGS. 24(a) to 24(e) are diagrams illustrating a sequence 

of process steps in a ?rst pattern-forming method according 
to the present invention. 

FIGS. 25(a) to 25(LD are diagrams illustrating a sequence 
of process steps in the ?rst pattern-forming method accord 
ing to the present invention. 

FIGS. 26(a) and 26(b) are diagrams illustrating a second 
pattern-forming method according to the present invention. 

FIG. 27 is a sectional vieW illustrating a transfer sheet 
used in a third pattern-forming method according to the 
present invention. 

FIGS. 28(a) and 28(b) are diagrams illustrating a sub 
strate having a raised electrode pattern. 

FIG. 29 is a diagram illustrating the third pattern-forming 
method according to the present invention. 

FIG. 30 is a diagram illustrating an ink layer as laminated 
on a raised pattern in the third pattern-forming method 
according to the present invention. 

FIG. 31 is a diagram illustrating an AC type plasma 
display panel. 

FIG. 32 is a diagram Illustrating another eXample of an 
AC type plasma display panel. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Micro patterns, e.g. electrode, dielectric and barrier 
patterns, to Which the transfer sheets and pattern-forming 
methods according to the present invention are applied Will 
be described beloW With regard to PDP fabrication by Way 
of eXample. 
As shoWn for eXample in FIG. 31, an AC type PDP 

comprises tWo glass substrates 1 and 2 disposed parallel 
With and in opposition to each other. The tWo substrates are 
held at a constant spacing by cell barriers 3 provided on the 
glass substrate or back plate 2 in parallel relation to each 
other. On the back side of the glass substrate or front plate 
1 there are located parallel composite electrodes, each 
formed of a transparent electrode 4 that is a sustained 
discharge electrode and a metal electrode 5 that is a bus 
electrode. The composite electrodes are covered With a 
dielectric layer 6, Which is in turn covered With a protective 
(MgO) layer. On the front side of the glass substrate or back 
plate 2 there are located parallel address electrodes 8. The 
address electrodes 8 are positioned betWeen the cell barriers 
3 so as to perpendicularly intersect the composite electrodes. 
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The sides and bottoms of the cell barriers 3 are covered With 
a ?uorescent surface 9. 

Alternatively, a primer layer 10 may be formed, as shoWn 
in FIG. 32, on a glass substrate or back plate 2 so that 
address electrodes 8, a dielectric layer 6‘, cell barriers 3 and 
a ?uorescent surface 9 are successively stacked over the 
glass substrate or back plate 2 through the primer layer 10. 

This AC type PDP has a surface discharge structure 
Wherein an AC voltage is applied across the composite 
electrodes on the front plate to cause discharge by an electric 
?eld leaking out in the spaces. In this case, the direction of 
the electric ?eld changes depending on frequency because 
the AC voltage is applied to the electrodes. Ultraviolet rays 
resulting from this discharge alloW the ?uorescent surface 9 
to emit light, so that the observer can vieW the light passing 
through the front plate. 

It should be noted that a DC type PDP is different from the 
AC type PDP in that electrodes are not covered With a 
dielectric layer, but is similar thereto in terms of the resulting 
discharge phenomenon. 
A ?rst transfer sheet according to the present invention 

Will be described in detail With reference to FIGS. 1 to 5. 
FIGS. 1 to 5 are sectional vieWs of a ?rst transfer sheet 

according to the present invention. In the ?gures, reference 
numeral 11 denotes a base ?lm, 12 an ink layer, 13 a 
protective ?lm, 14 a release layer, 15 an adhesive layer, and 
16 a heat-resistant layer. 

The ?rst transfer sheet according to the present invention 
Will be described With reference to FIG. 1. It should be noted 
that the transfer sheet according to the present invention may 
be in a roll form as Well as a ?at sheet form as shoWn in FIG. 
1. 

The base ?lm 11 should neither be attacked by a solvent 
in the ink layer 12 nor be contracted or elongated by heat 
treatments in the process. To this end, it is preferable to use 
?lms or sheets of polymer materials such as polyethylene 
terephthalate, 1,4-polycyclohexylene-dimethylene 
terephthalate, polyethylene naphthalate, polyphenylene 
sul?de, polystyrene, polypropylene, polysulfone, Aramid, 
polycarbonate, polyvinyl alcohol, cellophane, cellulose 
derivatives represented by cellulose acetate, polyethylene, 
polyvinyl chloride, nylon, polyimide, and ionomer; sheets of 
metals such as aluminum, and copper; sheets of alloys such 
as Invar alloys (36Ni—Fe alloy, and 42Ni—Fe alloy); and 
ceramic sheets of glass and inorganic materials; and com 
posite sheets obtained from these sheets. In particular, it is 
preferable to use a multilayer sheet consisting essentially of 
a polymer ?lm and a ceramic sheet or a metal sheet having 
high heat distortion resistance as a composite sheet because 
it is possible to obtain a ?exible sheet that has high mechani 
cal strength and high heat distortion resistance. The base 
?lm 11 may be subjected to a treatment for changing the 
Wettability of the surface thereof by silicone treatment, 
melamine treatment, corona treatment, etc. The base ?lm 11 
has a thickness of 4 micrometers to 400 micrometers, 
preferably 4.5 micrometers to 200 micrometers. 

The ink layer 12, When used as a dielectric layer such as 
a primer- or dielectric-forming layer in a PDP, consists 
essentially of an inorganic component containing at least a 
glass frit, and a resinous component that is removed after 
Ward by ?ring. 

The glass frit used herein should preferably have a 
softening point of 350° C. to 650° C. and a coef?cient of 
thermal expansion, (x300, of 60><10_7/°C. to l00><l0_7/°C. A 
softening point exceeding 650° C. is undesirable because 
?ring Would have to be carried out at elevated temperatures 
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10 
at Which thermal deformation may occur depending on the 
kind of object onto Which the ink layer 12 is laminated. A 
softening point not higher than 350° C. is also undesirable 
because the glass frit Would be fused together before the 
decomposition and volatiliZation of the resin, resulting in 
voids or other defects in the layer. Any deviation of the 
coefficient of thermal expansion from the range of 
60><10_7/°C. to l00><l0_7/°C. is not preferable because there 
Would be a large difference in the coef?cient of thermal 
expansion betWeen the ink layer and the glass substrate, 
resulting in distortion or other defects. 

In addition to the glass frit, the inorganic component may 
contain a mixture of tWo or more inorganic poWders and a 
mixture of tWo or more inorganic pigments. 

The inorganic poWder is an aggregate that is added 
according to need. The inorganic poWder is added to the 
inorganic component for the purpose of preventing casting 
and improving denseness upon ?ring, and has a softening 
point higher than that of the glass frit. For instance, it is 
possible to use inorganic poWders such as aluminum oxide, 
boron oxide, silica, titanium oxide, magnesium oxide, cal 
cium oxide, strontium oxide, barium oxide, and calcium 
carbonate poWders, Which have an average particle diameter 
of 0.1 micrometer to 20 micrometers. The inorganic poWder 
is preferably used in the proportion of from 0 to 30 parts by 
Weight With respect to 100 parts by Weight of the glass frit. 

The inorganic pigment is added to the inorganic compo 
nent according to need for the purpose of preventing re?ec 
tion of extraneous light and improving practical contrast. 
For a dark color, it is preferable to use refractory dark 
pigments such as Co—Cr—Fe, Co—Mn—fe, Co—Fe— 
Mn—Al, bCo—Ni—Cr—Fe, Co—Ni—Mn—Cr—Fe, 
Co—Ni—Al—Cr—Fe, and Co—Mn—Al—Cr—Fe—Si. 
For a refractory White pigment it is preferable to use titanium 
oxide, aluminum oxide, silica, calcium carbonate or the like. 
The inorganic pigment is preferably used in the proportion 
of from 0 to 30 parts by Weight With respect to 100 parts by 
Weight of the glass frit. 

The thermoplastic resin is a component that is removed by 
?ring during the fabrication of a PDP or a multilayer 
electrode panel, and should be volatiliZed and decomposed 
upon ?ring, leaving no carbide in the pattern. The thermo 
plastic resin is added to the ink layer as a binder for the 
inorganic component and for the purpose of improving the 
transferability of the ink layer. Examples of the thermoplas 
tic resin used herein are polymers or copolymers comprising 
at least one of methyl acrylate, methyl methacrylate, ethyl 
acrylate, ethyl methacrylate, n-propyl acrylate, n-propyl 
methacrylate, isopropyl acrylate, isopropyl methacrylate, 
n-butyl acrylate, n-butyl methacrylate, isobutyl acrylate, 
isobutyl methacrylate, tert-butyl acrylate, tert-butyl 
methacrylate, n-pentyl acrylate, n-pentyl methacrylate, 
n-hexyl acrylate, n-hexyl methacrylate, 2-ethylhexyl 
acrylate, 2-ethylhexyl methacrylate, n-octyl acrylate, n-octyl 
methacrylate, n-decyl acrylate, n-decyl methacrylate, 
2-hydroxyethyl acrylate, 2-hydroxyethyl methacrylate, 
2-hydroxypropyl acrylate, 2-hydroxypropyl methacrylate, 
styrene, ot-methylstyrene, and N-vinyl-2-pyrrolidone, and 
cellulose derivatives, e.g. ethyl cellulose. 
The thermoplastic resin is used in the proportion of from 

3 parts to 50 parts by Weight, preferably from 5 parts to 30 
parts by Weight, With respect to 100 parts by Weight of the 
inorganic component. If the proportion of the thermoplastic 
resin in the ink layer is less than 3 parts by Weight, the 
retention of the ink layer becomes unfavorably loW, giving 
rise to problems, particularly in terms of the handleability 


































































